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increases the exposure dose needed to cause purpura. The 
temperature dependence of 300 ns, 577-nm pulsed laser-induced 
purpura is most consistent with intravascular vaporization as 
a damage mechanism causing vessel rupture and the resultant 
purpura. 
The laser used in this study was kindly provided by Horace Furumoto 
of Candela Corporation . 
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The Effects of High-Dose UV Exposure on Murine Langerhans Cell 
Function at Exposed and Unexposed Sites as Assessed Using In Vivo and 
In Vitro Assays 
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Exposure of mice to a single large dose of UV radiation 
leads to a systemic inability of these mice to develop 
effective contact hypersensitivity (CS) responses to 
epicutaneously applied dinitrofluorobenzene (DNFB). 
Although this effect requires time to develop when unir-
radiated skin sites are used for CS sensitization, it is 
observed immediately at the site of UV exposure. Unir-
radiated skin sites on mice exposed to a single large dose 
of UV radiation 3 days previously were found to contain 
histochemically detectable ATPase+ cells with normal 
morphology and in normal densities, and yet CS re-
sponses were not induced to DNFB applied to these sites. 
Epidermal cells (EC) obtained from these skin sites were 
found to be capable of providing accessory cell (AC) 
function in in vitro T-cell proliferation assays that was 
qualitatively similar to EC obtain~d from unirradiated 
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Abbreviations: 
AC: accessory cell(s) 
APC: antigen-presenting cell(s) 
Con-A: concanavalin A 
CS: contact sensitivity 
DNFB: dinitrofluorobenzene 
EC: epidermal cell(s) 
ETAF: epidermal thymocyte-activating factor 
IL-l: interleukin 1 
LC: Langerhans cell(s) 
mice, thus indicating that exposure of mice to a single 
large dose of UV radiation does not induce a systemic 
AC dysfunction. Indeed, increased levels of AC activity 
were obtained in EC prepared from the UV-irradiated 
skin sites on the third day following UV exposure. This 
latter effect may be due to an influx of inflammatory 
cells into the irradiated site in response to the tissue 
damage caused by the UV radiation. We hypothesize 
that the inflammatory response induced by the cytode-
structive effects of the UV treatment may play a central 
role in the generation of the systemic suppression of 
induction of CS responses, perhaps through the induc-
tion of acute-phase proteins. 
Investigations in recent years indicate that the skin is a 
complex and vitally important organ [1]. Langerhans cells (LC) 
have been implicated as playing a crucial role as antigen-
processing cells (APC) in the induction of positive immune 
responses to antigens introduced through the skin [2]. Toews 
et a! have shown that relatively low doses of UV radiation are 
capable of inactivating epidermal LC as assessed by both the 
density of histochemically detectable ATPase+ cells and the 
ability to induce positive contact sensitivity (CS) responses to 
reactive chemicals applied to the UV-exposed skin [3]. Under 
these conditions the UV-mediated inability to induc;e CS re-
sponses to dinitrofluorobenzene (DNFB) was found to be a 
localized phenomenon (i.e. , application of DNFB to an unex-
posed skin site in a UV-irradiated host generated CS responses 
that were indistinguishable in magnitude from the positive 
control). These observations were confirmed and extended by 
Lynch et a!, who showed that exposure of murine skin to the 
moderate levels of UV radiation commonly used to induce both 
tumor susceptibility and overt skin tumors also results in a 
milieu in which applied contact sensitizers do not effectively 
sensitize the animals to subsequent antigenic challenge [ 4). In 
addition, it was found that the effects of UV exposure were 
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TABLE I. Local and systemic effects of a single large dose of UV radiation on the density of epidermal ATPase+ cells and the induction of contact 
hypersensitivity to DNFB 
Group UY Site of Density of Challenged 
Ear swelling 
no. treatment" sensitizationb ATPase+ cells' (mean± SEM, mm x 102 )' 
A + 0 ± 0.4 
B Back 1,095 + 29 ± 4 
c 3 h, d3 Unprotected back or + 8±4 
D 3 h, d3 Protected back 887 ±58 + 6±4 
E Belly 1,243 + 23 ± 2 
F 3 h, d3 Unprotected belly 928 ± 0 + 5±0 
G 3 h, d3 Protected belly 1,141 ± 186 + 3±2 
"Groups of BALB/c mice (5/group) were shaved on their dorsal surfaces with electric clippers and one-half of each animal protected from the 
direct effects of UV exposure by circumferentia l wrapping with black electrician's tape immediately prior to UV exposure. The ears were a lso 
protected by application of black electrician's tape to both the inner and outer surfaces. The tape was removed immediate ly fo llowing a single 3-
h exposure to radiation from a bank of FS-40 sunlamps on day 3 (energy 280-320 mm = 32,480 J/m2) . 
b A solution of DNFB (25 J.Ll) was applied to either the back or belly of mice (as indicated) on day 0 and day 1. Hair was removed from the 
abdominal surfaces with electric clippers on day 0. "Protected" and "unprotected" denote whether or not the site of application of the DNFB 
solution was shielded from the direct effects of UV irradiation by electrician's tape. 
' Density of ATPase+ cells at the site of sensitization was determined on day 0 as described in Materials and Methods, and are expressed as 
the number of ATPase+ cells/ mm2• 
d Challenged on day 5. 
'Net ear swelling was determined on day 6. 
I None detectable. 
localized to the irradiated skin site, which reverted to the 
"normal" condition within 2 weeks of cessation of UV treat-
ments, and that the correlation of the functional status of these 
skin sites with the density of ATPase+ cells was not absolute 
[4] . 
The effects of very large doses of UV radiation, however, are 
significantly different from the effects caused by low or mod-
erate doses. Recent investigations by Noonan eta! have shown 
that mice which have been exposed to a single large dose of UV 
radiation (20,000-97,000 J/m2) become systemically incapable 
of mounting effective CS responses to reactive chemicals ap-
plied to unirradiated skin sites [5,6]. This has been attributed 
to a systemic alteration in APC function in these mice. 
It is thus apparent that the abscopal:j: effects of UV irradia-
tion of mice can be significant and need to be considered. 
Commensurate with this line of reasoning we fee] it to be 
important to determine the mechanism(s) by which exposure 
to a single large dose of UV radiation interferes with the 
generation of effective immune responses. The experiments 
reported here were undertaken to determine whether the effects 
of a single large dose of UV radiation render epidermal APC 
residing in unirradiated skin sites dysfunctional (as assessed 
by both in vivo and in vitro assays), or whether the effects of 
UV radiation are mediated at some other level in the generation 
of effective immune responses. 
MATERIALS AND METHODS 
Animals 
Normal 6- to 8-week-old C3Hf/HeN (MTV-) and BALB/c female 
mice were obtained from the animal production unit of the National 
Cancer Institute, Bethesda, Maryland. The mice were age-matched 
(10- 12 weeks old) at the onset of each experiment. 
UV Irradiation of Mice 
The radiation source used for exposure of mice receiving UV treat-
ments consisted of a bank of 6 Westinghouse FS-40 sunlamps. These 
lamps emit 60% of their energy at wavelengths between 280 and 320 
nm (UVB region). Energy output rate in t he UVB range at a tube-to-
target distance of 21 em was 3.1 J/m2/s. The photometric methods 
used to determine the energy emission spectrum and flux have been 
reported previously [7]. Mice receiving UV treatments were shaved of 
dorsal hair using electric animal clippers immediately prior to UV 
irradiation. In some experiments portions of the potential exposure 
:{: Abscopal: pertaining to the effect on non irradiated tissue resulting 
from irradiation of other tissue of the organism. 
areas were protected from the direct effects of UV radiation by black 
electrician's tape, which was removed immediate ly after the UV treat-
ment. 
Sensitization and Elicitation of Contact Sensitivity 
Mice were sensit ized by applying 25 1'1 of 0.5% DNFB (Sigma 
Chemical Co. St. Louis, Missouri) in a 4:1 acetone:olive oil mixture to 
eit her the shaved dorsal or ventral surface (as indicated) on day 0 and 
day 1. The presence of CS was established by applying 10 1'1 of t he 
solution to either the right ear (Table I) or right rear footpad on day 5. 
The extent of swelling was used as a measure of CS, and is expressed 
as the difference in th ickness (in units of 10-2 mm) between the 
challenged right and unchallenged left rear footpads (or ears) as meas-
ured with a dial micrometer 24 h later. 
T-Cell Proliferation Assay 
T cells were prepared from C3H/HeN splenic lymphoid cells by a 
combination of nylon wool purification and antiserum+ C' treatment. 
Nylon wool nonadherent cells were resuspended in RPMI 1640 + 1% 
bovine serum albumin at 3 X 107 viable cells/ ml and t reated with an 
A.TH anti-A.TL (anti-Iak) antiserum (final concentration= 1:75) and 
rabbit C' (final concentration= 1:12) for 45 min in a 37•c water bath. 
The result ing population of enriched T cells was washed twice prior to 
use and required t he addition of exogenous AC to respond to either 
concanavalin A (Con-A) (final concentration= 5 J.Lg/ml) or MAS (final 
concentration = 1:100). (MAS is a non-sedimentable, soluble, heat-
labile product found in supernatants of broth cultures of Mycoplasma 
arthritidis [8]. MAS-induced T-cell proliferative responses require the 
presence of a population of adherent, radiation-resistant AC which 
express functional I-E molecules [8].) T cells were placed into 96-well 
microtiter plates (5 X 104 viable cells/well in "half area" wells (Costar 
#3696)) in RPMI 1640 supplemented with 2 mM glutamine, 1 mM 
sodium pyruvate, 5 X 10-5 M 2-mercaptoethanol, 10% fetal calf serum, 
50 J.Lg/ml streptomycin, and 50 U/m l penicillin. An equal number of 
1000-rad gamma-irradiated epidermal cells from appropriately treated 
ear epidermis were used as a source of AC, and were added to appro-
priate wells as indicated. Cells were cultured in a total volume of 100 
Ill in a humidified atmosphere of 6% C02 in air at 37·c. Proliferation 
was assessed on day 3 by [3H]dThd incorporation during an 8- h pulse 
(0.5 I'Ci /well , sp act 2 Ci/mM, New England Nuclear Corp., Boston, 
Massachusetts). 
Epidermal Cell Preparation 
Ear skin served as the source of EC. Mice were anesthetized with 
ether and the ears washed with 95% ethanol and surgically excised. 
The ears were split and placed dermal side down on a solut ion of 18 
mM EDTA as described by Juhlin and Shelly [9] . Subsequent to a 
75- to 90-min incubation at 37•c the epidermal sheet was carefully 
separated from the dermis and minced in 5 ml of a solution of 0.3% 
collagenase (Sigma Chemical Co.), 0.3% dispase (Boehringer-
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Mannheim, Indianapolis, Indiana) in Ca++Mg++ -free Hanks' balanced 
salt solution. These fragments were incubated at 37•c for 1 h, followed 
by t he addition of 10 ml of RPMI 1640 medium (supplemented as 
described above). The epidermal fragm ents were then vigorously aspir-
ated and expelled several t imes from a pipette to release single cells 
from the enzyme-treated tissue. Debris was allowed to settle out for 
several minutes and the resulting cell suspension washed twice in 
complete medium and gamma-irradiated (1000 rad) prior to use in the 
in vitro assays. 
Tissue Procurement, Treatment, and Histochemical Staining 
Mice were lightly ether anesthetized and a 5-mm punch biopsy of 
skin was obtained. One to two drops of cyanoacrylic cement (Krazy 
Glue, Chicago, Illinois) were applied to the epidermal surface and the 
specimen was mounted (epidermal side down) on a Plexiglas microscope 
slide. The dermis was separated from the epidermis and the epidermal 
tissue stained for ATPase activity as previously described [4] . The 
density of ATPase+ dendritic cells in the interfollicular areas was 
determined microscopically using an ocular grid that had previously 
been calibrated with a micrometer. The area encompassed by the grid 
was 24 llm2, and 10- 15 separate areas per specimen were examined to 
enumerate the density of ATPase+ cells. Densities of ATPase+ cells are 
expressed as cells/mm2. 
Lymphocyte Trafficking 
Nylon wool nonadherent lymphoid cells were prepared from suspen-
sions of cells obtained from dissociated regional lymph nodes obtained 
from normal C3Hf/HeN mice. The nylon wool nonadherent cells were 
suspended at 108 viable cells/ml in the presence of 300 ILCi of 51 Cr as 
sodium chromate in sterile isotonic saline (Amersham) for 45 min at 
3TC with occasional agitation. 5'Cr- labeled cells were washed with 4 
15-ml volumes ofRPMI 1640 plus 10% fetal calf serum and resuspended 
in unsupplemented RPMI 1640 at 1.25 X 107 viable cells/ml (cell 
suspensions were> 95% viable by trypan blue dye exclusion). Recipient 
mice (3 per group) received 5 x 106 viable cells in a total volume of 0.4 
ml via the lateral tail vein. An aliquot of 51Cr-labeled lymphoid cells 
was placed into a counting vial to determine the amount of injected 
radioactivity. All recipient animals were sacrificed 18 h subsequent to 
infusion of the 5 1Cr-labeled cells and individual organs removed, placed 
into Beckman scintillation vials, and the amount of radioactivity 
determined using a Beckman 8000 gamma counter. In addition, a 3.94-
cm2 sample of skin was obtained from both the midline dorsal and 
midline ventral positions. Finally, the amounts of radioactivity in the 
remaining carcass of each animal was also determined. The data are 
presented as the percentage of the total radioactivity in each organ 
divided by the total radioactivity recovered from each animal. Machine 
background values were subtracted from each value. This method of 
data calculation was used since under these conditions the homing 
patterns are independent of the number of cells injected, and precludes 
errors introduced by slight variations in the absolute amount of radio-
activity injected into individual mice. 
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RESULTS 
In previously reported studies into the systemic effects of a 
single la rge UV exposure, although the ears were protected 
from the direct effects of UV radiation, no attempt was made 
to "shield" those anatomic sites which were to be used for the 
induction of CS responses other than to leave hair in place [5]. 
Especially since these experiments used BALB/c mice and. 
since mice are often extremely active during UV treatments (at 
times crawling about in an inverted position on the cage lids), 
we considered the possibility that if as little as 1% of the 
incident energy had not been effectively screened by the fur it 
could have profound effects on the ability of DNFB applied to 
the "unirradiated" skin site to induce a CS response. In order 
to test this possibility BALB/c mice were shaved on their dorsal 
surface, and the posterior surfaces (both dorsal and ventral) 
protected from direct UV irradiation by a circumferential wrap-
ping with black electrician's tape. The ears on these mice were 
also protected by application of the black insulating tape. The 
mice were then subjected to a s ingle 3-h exposure to radiation 
from a bank of FS-40 sunlamps (flux in the UVB range = 3.1 
J/m2/s; total dose= 32,480 J/m2). The black electrician's tape 
was carefully removed immediately following the UV exposure. 
On day 3 following the UV treatment the mice were divided 
into groups (5 mice per group) and skin .sites that had been 
"protected" or "unprotected" from direct UV exposure by the 
electrical tape (both dorsal and ventral) used as sites of sensi-
tization by application of DNFB. In addition, a biopsy of skin 
from these sites was obtained immediately prior tu the first 
application of DNFB and processed histochemically to deter-
mine the density of epidermal ATPase+ cells. Five days after 
the first skin painting with DNFB the mice were challenged on 
the right ear with DNFB and the extent of ear swelling deter-
mined 24 h later. The data obtained (Table I) clearly indicate 
that the density of ATPase+ cells in unirradiated skin sites 
(regardless of whether the site was "protected" from the direct 
effects of UV radiation) is unaffected by the large dose of UV 
exposure to which the animals were subjected. Irrespective of 
the density of ATPase+ cells in the skin site used for sensiti-
zation with DNFB, however, a depression in the CS response 
to DNFB was observed. These data indicate that the inability 
of unirradiated skin sites on mice that have received a single 
large UV exposure to act as sites for sensitization is not due to 
LC inactivation resulting from the "leakage" of small amounts 
of energy through the fur, and does not necessarily correlate 
with the density of ATPase+ cells at the sensitization site. 
This question was further addressed using C3H/HeN strain 
mice. Groups of mice were subjected to a single large exposure 
TABLE II. Local and systemic effects of a single large exposure to UV radiation and their temporal relationships 
Exp. 
no. 
II 
Group 
no. 
A 
B 
c 
D 
E 
F 
G 
A 
B 
c 
D 
E 
F 
G 
uv 
treatment• 
dO 
d3 
dO 
d3 
dO 
d3 
dO 
d3 
Sensitization Challenge (d5) Footpad swelling (d6) site (dO, dl)• (mean± SEM) 
+ 5±3 
Back + 67 ± 15 
Back + 19 ± 3 
Back + 24 ± 4 
Belly + 81 ± 9 
Belly + 41 ± 7 
Belly + 19 ± 6 
+ 5±2 
Back + 64 ± 9 
Back + 13 ± 4 
Back + 26 ± 4 
Belly + 76 ± 10 
Belly + 46 ± 10 
Belly + 21 ± 7 
"Groups of C3H/HeN mice (5/group) were shaved on their dorsal surfaces with electric clippers immecliately prior to UV exposure, and 
subjected to a single 3-h exposure to radiation from a bank of FS-40 sunlamps (energy dose 280- 320 nm = 32,480 J/m2) on either day 3 or day 
0. 
• A solution of DNFB (0.05 ml) (see Materials and Methods) was applied to either the shaved dorsal surface or shaved ventral surface of mice 
on day 0 and day 1. Hair was removed from the ventral surfaces of mice immediately prior to sensitization on day 0. 
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TABLE Ill. Local and systemic effects of a single large exposure to UV radiation" on the ability of epidermal cells to act as accessory cells in vitro 
Exp. 
no. 
II 
Group 
A 
B 
c 
D 
E 
F 
A 
B 
c 
D 
E 
F 
Cells added• 
0 
Normal EC 
dOEC 
dOTEC 
d3EC 
d3TEC 
0 
Normal EC 
dOEC 
dOT EC 
d3EC 
d3TEC 
0 
1,719 ± 111 c 
171 ± 43 
123 ± 36 
135 ± 21 
269 ± 45 
121 ± 18 
71 ± 13 
828 ± 497 
1,571 ± 466 
231 ± 69 
651 ± 326 
871 ± 287 
T-cell stimulus 
MAS (1:100) Con-A (5 g/ml) 
1,540 ± 645 3,649 ± 903 
3,626 ± 228 31,861 ± 7,515 
522 ± 125 4,206 ± 2,086 
5,007 ± 391 43,287 ± 4,658 
13,870 ±58 121,251 ± 988 
5,068 ± 570 60,984 ± 3,870 
168 ±59 
5,361 ± 1,352 
674 ± 226 
8,225 ± 2,085 
7,296 ± 3,305 
8,182 ± 626 
"Groups of mice (5 per group) were shaved of dorsal hair with electric clippers immediately prior to UV treatment. The ears of one group of 
mice were covered with black electrician's tape to protect them from the direct effects of UV exposure, and the tape removed immediately 
following UV treatment. Groups of mice with taped ears, or with unprotected ears, were subjected to a single 3-h exposure to radiation from a 
bank of FS-40 sunlamps (dose in the UVB range = 32,480 J / m2) on either day 3 or day 0. 
b Epidermal cells isolated as described in Materials and Methods from ear epidermis from mice that were UV irradiated on either day 0 or 
day 3. Those groups of mice whose ears had been protected from direct UV exposure by prior application of black electrician's tape are designated 
with a "T." 
< Cpm of [3H]dThd incorporation determined on day 3 of culture ± SEM. 
TABLE IV. Effect of EC that had been exposed to the direct effects of a single large dose of UV radiation on the accessory cell function of 
nonexposed EC" 
Group Source of AC 
A None 
B Normal EC 
c dOEC 
D dOTEC 
E d3 EC 
F d3TEC 
G dOTEC 
H d3TEC 
" See footnotes for Table Ill. 
Cells 
added 
dO EC 
dO EC 
of UV radiation (dose in the UVB range= 33,480 J/m2) either 
3 days or immediately prior to skin painting with DNFB. Mice 
that had been UV -irradiated 3 days prior to skin painting 
exhibited markedly reduced CS responses, regardless of 
whether irradiated or unirradiated skin sites were used for the 
initial sensitization (Table II). Similar reductions in the mag-
nitude of CS responses induced were also evident when the 
DNFB solution was applied to the irradiated skin site imme-
diately following the UV treatment. When the DNFB solution 
was applied to an unirradiated skin site immediately following 
the UV treatment, a detectable CS response was induced. 
Although the magnitude of the CS response elicited was sub-
stantially depressed (40-50%) relative to those induced in the 
relevant positive control groups (group E) , they were still 
significantly elevated relative to the CS responses induced in 
the other UV-treatment groups (p < .001 using Student's t-
test). 
In order to further investigate the systemic effect of UV 
radiation we wished to determine the functional status of 
epidermal APC obtained from irradiated and unirradiated skin 
sites both immediately after UV exposure and 3 days subse-
quent to UV treatment. Groups of mice were treated with a 
single 3-h exposure to UV radiation (energy dose 280-320 nm 
= 33,480 J/m2 ) on either day -3 or day 0. The ears of one-half 
of each treatment group were protected from the direct effects 
ofUV radiation by black electrician's tape. Immediately follow-
ing the day 0 UV treatment, ears were excised from mice in the 
various treatment groups and single cell suspensions of epider-
mal cells prepared and tested for their ability to act as AC in 
an in vitro T-cell proliferation assay. The results obtained 
demonstrate that epidermal cells (EC) obtained from irradiated 
skin sites immediately after UV exposure are not capable of 
T -cell stimulus 
None MAS (1:100) Con-A (5 11g/ml) 
251 ± 48 12,588 ± 1,371 34,026 ± 1,009 
85 ± 17 1,704 ± 218 870 ± 249 
162 ± 6 8,204 ± 1,361 27,643 ± 6,091 
311 ± 86 33,391 ± 1,039 87,449 ± 2,880 
133 ± 18 9,207 ± 1,278 18,701 ± 4,249 
121 ± 24 15,645 ± 1,406 17,922 ± 1,634 
101 ± 23 13,676 ± 2,608 15,054 + 573 
providing AC function (Table III, group C). EC from unirra-
diated skin sites, however, were found to act as AC (groups D 
and F) . Surprisingly, EC from skin sites that had been exposed 
to UV radiation 3 days previously were also capable of providing 
AC function (group E) that was equivalent to, or somewhat 
better than, that obtained from unirradiated epidermis. The 
possibility that EC isolated from UV-irradiated epidermis im-
mediately following exposure might contain toxic or metaboli-
cally inhibitory products that could inhibit AC function by 
unirradiated cells was addressed in a mixing experiment (Table 
IV). EC obtained from UV -irradiated skin sites immediately 
following UV exposure were not found to inhibit the AC func-
tions supplied by EC from protected skin sites (groups G and 
H). As was seen previously, however, EC obtained from skin 
sites that had been exposed to UV radiation 3 days previously 
were found to provide a somewhat enhanced level of AC func-
tion when compared to EC obtained from either protected skin 
sites or normal skin from unirradiated mice. 
One potential explanation for this observation is that the 
cells we detected which provided this "enhanced" level of AC 
activity are inflammatory cells which have been "called" into 
the UV -irradiated skin sites as a result of the acute damage 
caused by the radiation treatment. We reasoned that if this 
were the case an increased level of lymphoid cell trafficking to 
the irradiated skin sites would also be expected. To test this 
possibility, groups of mice (3 per group) were shaved of hair on 
their dorsal surface and subjected to a single UV exposure 
(32,000 J/m2 ) on either day -3 or day 0. On day 0 the UV-
irradiated mice and unirradiated mice were injected i.v. with 5 
x 106 viable, 5 'Cr-labeled lymphoid cells. Eighteen hours later 
the mice were sacrificed and the levels of radioactivity in 
various organs determined. The most pronouncsd change was 
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TABLE V. Effect of a single large exposure to UV radiation on lymphocyte trafficking patterns in vivo 
Organ• 
Regional lymph nodes 
Spleen 
Gut 
Liver 
Kidneys 
Lungs 
Dorsal skin 
Ventral skin 
Carcass 
Percent recovery<~ 
• As described in Materials and Methods. 
No ne 
8.43 ± 0.94c 
25.9 ± 0.45 
12.96 ± 0.17 
15.96 ± 0.54 
2.13 ± 0.17 
0.80 ± 0.03 
0.07 ± 0.01 
0.07 ± 0.01 
33.63 ± 1.05 
83.0 
UV treatment• 
32,000 J / m2 (dO) 
11.36 ± 0.41 
26.64 ± 0.35 
13.57 ± 0.59 
17.19 ± 0.09 
1.52 ± 0.38 
0.95 ± 0.11 
0.12 ± 0.02 
0.05 ± 0.02 
28.55 ± 0.80 
84.1 
32,000 J / m2 (d3) 
13.53 ± 0.71 
23.75 ± 1.48 
12.58 ± 0.42 
19.36 ± 0.44 
0.77 ± 0.05 
0.80 ± 0.07 
0.28 ± 0.01 
0.05 ± 0.01 
28.84 ± 0.23 
83.3 
• Dose of radiation emitted between 280 and 320 mm from a bank of FS-40 sunlamps during single 3-h exposure period (dose rate= 3 J / m2 / 
s). . 
c Percent total "recovered" radioactivity. 
d Recovered radioactivity -;- injected radioactivity. 
detected in the dorsal skin of the mice that had been UV-
irradiated 3 days previously (Table V) . A substantial elevation 
in the amount of radioactivity obtained from the regional lymph 
nodes was also detected in this group of mice. Mice that had 
been UV-irradiated immediately prior to the adoptive transfer 
evidenced intermediate elevations in the amount of radioactiv-
ity obtained from·the organs. Unirradiated skin sites (ventral) 
showed no elevation in the amount of radioactivity recovered. 
DISCUSSION 
The experiments reported here were designed to test the 
abscopal effects of large doses· of UV radiation upon the capa-
bility of epidermal APC to function . The results presented 
confirm and extend the observations of Noonan et a!, who 
found that exposure of mice to a single large dose of radiation 
in the UVB range rendered mice incapable of generating an 
effective CS responRe to reactive chemicals applied to unirra-
diated sites [5] . Data presented here demonstrate that although 
mice that have been treated with a single large exposure to UV 
radiation become unresponsive to DNFB, which is topically 
applied to unirradiated skin sites, the morphology and density 
of histochemically detectable ATPase+ cells are apparently 
unchanged. Superficially, this is consistent with both the re-
sults of Noonan et al, who concluded that exposure of mice to 
a single large dose of UV radiation resulted in a systemic defect 
in APC function [5,6] , and those previously presented from this 
laboratory which demonstrated that the presence (or absence) 
of a phenotypic characteristic of LC (ATPase activity) cannot 
be used as a reliable indicator of the fUnctional capabilities of 
these cells [ 4] . 
In the situation in which UV-irradiated mice become unable 
to mount effective CS responses to DNFB applied to unirra-
diated skin sites, relatively large doses of UVB radiation were 
used (20,000- 97,000 J/m2 in a single unfractionated dose) 
[5,6] . The data presented here demonstrate that although ef-
fective CS responses were not induced to DNFB when it was 
applied to either irradiated or unirradiated skin sites 3 days 
after the UV treatment, or when it was applied to the irradiated 
skin site immediately following UV exposure, a reduced, but 
statistically significant (p < .001) CS response was induced if 
the DNFB was applied to an unirradiated skin site immediately 
following the UV treatment. These findings prompted us to 
investigate the capability of EC from these treatment groups 
to function as AC in in vitro proliferation assays. EC obtained 
from UV -exposed skin immediately following irradiation were 
incapable of providing this function, consistent with the pre-
vious observations of both Sting! et a! [10] and Gurish et a! 
(11,12]. EC prepared from unirradiated skin immediately fol -
lowing the UV treatment were capable of acting as AC, which 
is consistent with the observation that CS responses could be 
induced to DNFB applied to these sites. Somewhat paradoxi-
cally, although effective CS responses were not induced when 
DNFB was applied to unirradiated skin sites 3 days following 
the UV treatment, preparations of EC from these sites were 
capable of acting as AC in the in vitro proliferation assays. 
Thus, these data indicate that the inability to induce an effec-
tive CS response to the DNFB applied to this skin site is not 
due simply to a systemic inactivation of functional AC. 
The finding that cells with AC function could be obtained 
from irradiated skin sites 3 days after the UV treatment was 
somewhat surprising. In retrospect, however, it is clear that 
exposure of mice to large doses of UV radiation results in a 
substantial inflammatory respose. Histologic evaluation of 
biopsies obtained from skin sites that had been exposed to 
32,000 J/m2 of energy in the UVB range showed little or no 
change immediately after the UV treatment, but revealed ex-
tensive tissue damage in both the epidermis and dermis by the 
third day following the UV treatment, and was associated with 
a pronounced inflammatory cell infiltrate. These effects were 
found to be limited to the skin sites receiving direct UV 
exposure. It is of interest to note that effect of UV exposure 
was also detected by the altered localization of 5 1Cr-labeled 
lymphocytes which we administered i.v. either immediately or 
3 days following exposure of mice to a single large dose of UV 
radiation (Table V). A slight increase in the number of cells 
-localizing to the irradiated site was seen immediately, but was 
dramatically elevated by the third day following UV exposure. 
was detected in an unirradiated skin site, the increased levels 
of radioactivity detected in the UV -exposed site probably reflect 
both the ongoing inflammatory response and increased vascular 
permeability in the irradiated skin sites. 
In earlier studies from this laboratory we reported, that 
exposure of mice to carcinogenic levels of UV radiation creates 
a local milieu in which application of reactive chemicals (such 
as DNFB) does not effectively sensitize the animals to subse-
quent antigenic challenge [4]. In these earlier studies the total 
dose of UV radiation to which mice in some of the treatment 
groups were exposed was similar to the amounts used in the 
experiments reported here (approximately 32,000 J/m2), al-
though the irradiation regimens used to deliver this amount of 
energy were substantially different. In the experiments reported 
here the energy was delivered in a single, unfractionated ex-
posure. In our earlier studies this total dose of UV radiation 
was delivered in 10 equal exposures (approximately 3,200 J/m2 
per treatment) over a 12-day period. Since the systemic effects 
of these two irradiation protocols on the induction of CS 
responses to DNFB applied to unirradiated skin sites are dra-
matically different (even though the total irradiation doses are 
similar), it seems likely that they are mediated via different 
mechanisms and that "total energy dose" is not the only factor 
that should be considered. 
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Recent investigations by Schmidt et al have shown that 
human dermal fibroblasts are stimulated to proliferate in vitro 
by a soluble factor in supernatants of human secondary mixed 
leukocyte reactions, a factor which is biochemically similar (if 
not identical) to interleukin 1 (IL-l) [13]. Although IL-l is a 
macrophage product, macrophages are apparently not the only 
cell type that can synthesize this type of cytokine. Cultures of 
murine EC (consisting of keratinocytes, melanocytes, and LC) 
produce a factor that shares many of the biochemical and 
biologic characteristics of IL-l (14-16]. The epidermal thymo-
cyte-activating factor (ET AF) was found to be synthesized by 
the keratinocytes rather than the macrophage-like LC, and its 
production was augmented in response to cell injury [15,16) . 
These findings, when coupled with the observations that (1) 
injection of IL-l-containing supernatants into mice causes a 
rapid increase in the serum levels of acute-phase proteins (such 
as serum amyloid A, fibrinogen, and C-reactive protein) [17-
19), and (2) such acute-phase proteins can interfere with T cell-
dependent antibody responses and cell-mediated immune re-
sponses (such as mixed leukocyte reactions, generation of cy-
totoxic lymphocytes, antigen-specific T -cell proliferative re-
sponses and lymphokine production) (20-22), suggest an at-
tractive mechanism by which exposure of mice to a single large 
dose of UV radiation can interfere with the induction of a CS 
response to a reactive chemical applied to an unirradiated skin 
site. Thus, the cytodestructive effects of high-dose UV irradia-
tion, coupled with the resulting acute inflamatory response, 
could result in the release of substantial quantities of IL-l and 
IL-l-like mediators (such as ETAF). The increased serum 
levels of these cytokines might logically be expected to stimu-
late hepatocytes to produce acute-phase proteins, thereby re-
sulting in the observed systemic suppression of the induction 
of immune responses (such as CS responses) . Since purified C-
reactive protein has been shown to bind primarily to T lym-
phocytes [21], this also provides a plausible mechanism by 
which high levels of circulating acute -phase reactants may 
interfere with the induction of CS responses while leaving 
APC/ AC functions unimpaired. Indeed, recent studies have 
provided some experimental support for this concept. Cultures 
of EC have been found to secrete markedly increased amounts 
of ETAF (IL-l) subsequent to UV exposure in vitro [L. C. 
Gahring, G. C. Sephel, and R. A. Daynes, submitted for publi-
cation]. In addition, serum levels of IL-l (ETAF) and acute-
phase proteins increased rapidly and dramatically in mice ex-
posed to a single large dose of UV radiation [L. C. Gahring, G. 
C. Sephel, and R. A. Daynes, submitted for publication). 
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